have been widely employed to operate as wind-turbine generators of an isolated power system. This paper proposes a simple method for the steady-state performance characteristics of a SEIG. Unlike the previous method, the proposed method avoids the tedious and erroneous manual work of segregating the real and imaginary components of the complex equation of the model. In this method, the model is formulated in a simple way and then solved using a numerical MATLAB function "fzero". The effectiveness of this method has been confirmed by comparing on a 0.8-kW induction generator the computed results obtained by the proposed method to those obtained by classical methods.
INTRODUCTION
Self excited induction generators (SEIG) have become very popular in wind turbine energy. This is mainly because they have advantages of rugged construction, simple, robust, less expensive and require very little maintenance. They do not require external power supplies to produce magnetic flux for maintaining the desired voltage at the generator terminals. Hence, they are very much suitable for remote and isolated areas applications [1] [2] .
The major drawbacks in the use of self excited induction generators are the poor voltage and frequency regulations under prime mover speed and load perturbations [3] . The generated terminal voltage and the output frequency, depend on the excitation capacitance, the three-phase induction machine parameters, the electrical passive load and the prime mover speed.
Moreover, an imperative step in the steady state analysis of a SEIG is to determine the frequency F and the magnetizing reactance m X for given machine parameters, prime mover speed, excitation capacitance and load impedance. In the usual practice, two basic approaches are used to determine the performance of SEIG which are the loop impedance [6] and the nodal admittance [7] [8] . They are very effective in evaluating the performances of this generator.
Such methods are characterized by detailed algebraic derivations for the coefficients of the equations. However, these mathematical manipulations are tedious, time-consuming and prone to human errors. In addition, the coefficients established are valid only for this model. For example, if we change the type of load or include the core-loss resistance all the mathematical treatments must be modified [10] .
In order to overcome the above problem, many researchers have proposed different methods. In [10] , Haque proposes a method using a numerical-based routine. In [11] , Chan exposes an iterative technique to find the value of the frequency F from real part of the admittance. Unfortunately, all earlier cited methods still need considerable amount of algebraic manual manipulations.
The present paper proposes a simple method using MATLAB symbolic computation for evaluating the performance characteristics of a SEIG. This method does not require the detailed derivations of the nonlinear equations to be solved. It also does not need the algebraic manipulations to formulate the problem to be solved. A single command 'fzero' can be used for this method.
II. PROBLEM FORMULATION
Often, steady state performances of SEIG are based on per phase equivalent circuit. This latter, is shown in fig.1 where
X and g represent the stator resistance, rotor resistance (referred to stator), load resistance, stator leakage reactance, rotor leakage reactance (referred to stator), excitation capacitor reactance, magnetizing reactance, load reactance and the generator slip respectively. All parameters are considered constant except the magnetizing reactance and the generator slip which vary respectively according to the saturation characteristic and the prime mover speed. In this model the core loss component is neglected.
Y and L Y can be represented by using the equivalent circuit as follows:
In the upper circuit, Fig. 1 , both the frequency and the magnetizing reactance are unknown. In order to determine the values of these earlier parameters for any speed, any capacity and any load two basic methods are used: Loop impedance method and Nodal admittance method. In our case, the second method is used to explain how evaluate the performances of the SEIG.
At node "A" in Fig.1 
The above equation can be written as follows:
Under normal operating condition, the stator voltage is non null. Therefore, the sum of the admittances must be equal to zero.
This implies that both the real and imaginary parts of (4) would be separately zero.
( )
Resolution of (5) leads to find the values of F and m X for fixed excitation capacitor, speed, and electrical passive load. Solution of equation (5) is not easy to achieve by conventional methods. This requires lengthy and tedious algebraic manipulations to find the coefficients of the characteristic polynomials. Also, the expressions for the coefficients are very long and complicated needing enormous human effort for accurate programming and error checking. In addition, treatments are valid only for a given circuit configuration. Including core-loss resistance or changing the type of load will modify the order of the characteristic polynomials and new hard mathematical manipulations are unfortunately necessary.
To overcome the above problems, many researchers have proposed different approaches [9] [10] [11] . However, such proposals still require some degree of manual mathematic operations. We present in this paper a method using MATLAB symbolic computation with a limited effort to evaluate the performance of the SEIG.
III. THE PROPOSED METHOD
The proposed method have the purpose to eliminate the above disadvantageous of the other methods used to predict the performance of the SEIG. This technique uses the MATLAB symbolic computation, no further algebraic manipulations of the equations are needed. Instead, the method used a numerical-based routine that drastically reduced the time and effort needed to evaluate the performance characteristics.
Before the beginning of the resolution, the problem should be formulated in a simple way in order to facilitate the application of the proposed method. This formulation can be described as follows:
The per phase equivalent circuit of SEIG described in Fig1. Can be simplified as: 
Hence, equation (7) can be written as:
Under normal operating condition, the stator voltage 0 E ≠ . Therefore, the sum of the admittances must be equal to zero. (10) and (11) the following problem can be deduced:
For a given load, prime mover speed and capacity values, equation have a single unknown parameter, which is the frequency F . Hence, it is possible to evaluate the frequency from the resolving of equation (12). In the previous method, is not easy to found this equation it requires a tedious and lengthy mathematical operation to segregate the real and imaginary components of equation (10) in order to obtain equation (12). In the proposed method, no further algebraic manipulations of the equations are needed. A numerical MATLAB function "fzero" used in order to find root of this continuous function of one variable, which is the frequency. This function Find root of continuous function of one variable. This later, is a handle function, the "@." operator constructs a function handle for 1 ( ) h F , and assigns the handle to the output variable which is the frequency F . After the evaluation of the frequency, the magnetizing inductance can be deduced from equation (13). This simple method reduces the time and effort needed to predict these necessary parameters to evaluate the performance characteristics of the SEIG. With this method, the changing of the load type or including the core less resistance, do not oblige us to repeat the entire program.
The accuracy and validity of presented method has been confirmed by comparing the computed results with those obtained by the traditional method as well as those obtained by this new method. Fig.3 present the generated terminal voltage versus load current for different values of capacity. Fig.4 present the output frequency versus load current for different values of capacity. We note that in both figures the shapes of the curves computed by the previous method and the new method are confused which proves the efficiency of the described method. IV. CONCLUSION A simple method for the steady state performance characteristics of a self excited induction generator is proposed. With this method, extensive and hard effort can be avoided in dissociating the real and imaginary components of the characteristic equation. The problem is formulated in a simple way and then solved directly using a numerical MATLAB function. Core loss and other component can be included easily in the model. The effectiveness of the proposed method is validated on a 0.8-kW induction generator by comparing the computed results obtained by the previous method as well as those obtained by the proposed one.
